Introduction
The prevalence of respiratory allergic diseases has been steadily increasing over the last decades in developed countries, affecting almost 20 % of the world population. Allergic rhinitis (AR) and asthma frequently coexist in the same patient and represent a serious health problem. The link between AR and asthma was suggested many years ago, but was not properly considered as a unique airway disease until recently [1, 2••, 3] . It is well known that AR in patients without asthma is a risk factor for asthma, especially in children [4] , and more than 20 % of patients with AR will d e v e l o p a s t h m a l a t e r i n l i f e . T h e E u r o p e a n Community Respiratory Health Survey, including more than 6,000 patients, showed that the strongest risk for developing asthma occurred in those patients with rhinitis and sensitization to several inhalant allergens, particularly house dust mites, but, even in the absence of atopy, rhinitis is a strong predictor of asthma [4] .
Moreover, allergic sensitization tends to increase with age in atopic individuals, and the risk for developing new sensitizations goes with the risk for developing symptoms after exposure to these new sensitizers [5] . For all that reasons, treatment of respiratory allergic diseases is complex and includes allergen avoidance measures, pharmacologic treatment and allergen immunotherapy (AIT), when appropriate. Only specific measures related to allergen sensitization and AIT will be analyzed in this revision.
Specific treatment options of respiratory allergic disease Allergen avoidance measures
The relationship between allergen exposure and respiratory symptoms is not always easy to recognize. With regard to seasonal allergens such as pollens, there is a direct relationship between high air pollen concentration and an increase in asthma-related and wheeze-related emergency room visits [6] , as well as the opposite: patients allergic to pollen are asymptomatic outside the pollen season. In any case, avoidance of pollen grain exposure is not suitable in most cases.
In general, the relationship between allergen exposure and symptoms depends on the nature of the allergen and the size and aerodynamic characteristics of allergen-carrying particles [reviewed in 7••].
For perennial allergens, such as cat and dog allergens, a close temporal relationship has been shown, and patients allergic to cat or dog dander react shortly after cat or dog exposure, respectively, so that the cause-effect relationship is obvious [8, 9] . However, even if avoidance of pets is often possible, sometimes it becomes difficult due to usual behaviors of the community [10] [11] [12] . Concerning house dust mite (HDM), because of the larger size of HDM-carrying particles, a significant proportion of the allergen is deposited in the upper airways [13] . Exposure to high environmental levels of dust mite allergen is associated with an increased risk of sensitization, asthma and deterioration of lung function [7••] . A Cochrane Systematic Review and meta-analysis did not detect specific clinical benefits from the use of both chemical and physical prophylactic environmental measures [14] in asthmatic patients sensitive to HDM, but trials included in the analysis tended to be small and of poor methodological quality. Probably, a combination of different methods is needed to achieve clinical improvement [7••, 14, 15•, 16] . However, in general, physicians still go on recommending such measures as complementary treatment in respiratory allergy [17] . The role of allergen avoidance measures in the evolution of the respiratory disease is unknown.
Allergen immunotherapy (AIT)
The term 'allergen immunotherapy' (AIT) has been proposed to be universally used to refer to the class of therapies that aims at inducing immune tolerance to allergens [18] . Currently, two types of AIT are commonly used, depending on the route of allergen administration: subcutaneous (SCIT) and sublingual immunotherapy (SLIT). Both, SCIT and SLIT have shown to be effective and safe for the treatment of AR [19••] .
What guidelines for respiratory diseases recommend 1 The Global Initiative for Asthma (GINA) guidelines
The approach to allergic asthma that GINA (last version, December 2012
[20]) recommends is quite contradictory. On the one hand, GINA recognizes the role of allergens in asthma exacerbations, but on the other hand, the causative role of allergens in the development of asthma is questioned. This guideline considers the diagnosis of asthma in young children when a symptom pattern of recurrent wheeze/cough together with a positive family history and evidence of allergic sensitization is present, thus giving allergy a relevant role. The consideration of allergy as a systemic disease is beyond doubt. An example is the fact that after a single bronchial allergen challenge, there are increased levels of serum allergen-specific IgE for this allergen and enhanced Th2 response for up to 5 weeks after the challenge [21] . From a therapeutic point of view, GINA describes AIT as a modality of treatment with limited efficacy in adults with asthma [20] . However, results of successive Cochrane reviews, examining up to 88 randomized controlled clinical trials of SCIT compared to placebo on 3,459 patients with asthma, confirmed the efficacy of AIT not only in reducing asthma symptom scores (standardized mean difference [SMD] -0.59; 95 % CI, -0.83 to -0.35) and medication requirements (SMD, -0.53; 95 % CI, -0.80 to -0.27) but also in achieving improvements of nonspecific and specific bronchial hyperreactivity [22••] .
The long-term clinical effect of AIT and the potential of preventing development of asthma in children with allergic rhinitis are recognized in GINA, but due to potential systemic side effects, it is not recommended for general use [20] . The main problem is that the severe systemic reactions and deaths happened many years ago under uncontrolled circumstances [23, 24] . Nowadays, safety of AIT has been proven in both clinical trials and daily practice clinical settings [25, 26] , but even with this available information, AIT is still not recommended for general use in this guideline. More contradictions appear when taking severity of the disease into account. On the one hand, AIT can be prescribed for well-controlled mild intermittent or mild persistent asthma, but on the other hand, GINA [20] remarks that AIT can be an option only if strict environmental avoidance and treatment with inhaled corticosteroids fail to control symptoms pointing at more severe forms of the disease. GINA insists on the lack of specific trials comparing AIT with pharmacologic treatment for asthma, but in fact, all well-designed placebo controlled studies performed with AIT measuring symptom and medication scores are equivalent for this purpose. 2. Allergic Rhinitis and Its Impact on Asthma (ARIA) guidelines ARIA considers AIT for both adults and children patients with moderate to severe, persistent or intermittent AR [1, 2••, 3]. The potential role of AIT in preventing asthma is specifically stated in this guideline, and recommendations about the management of AR and asthma when they coexist in the same patient are given. According to ARIA, adults with AR but without asthma may use either SCIT or SLIT to treat pollen or HDM allergy. However, with regard to children, ARIA places a high value only on SCIT for reduction of symptoms and potential prevention of the development of asthma. Thus, SLIT may be recommended for adults with rhinitis caused by pollen or HDM, but only pollen SLIT should be recommended in children until the efficacy of HDM SLIT is proven in controlled clinical trials in children [1, 2••, 3]. This different approach to SLIT depending on the allergen is difficult to understand. A systematic review of SLIT published in 2011 [27] revealed a significant improvement in symptoms (SMD, -0.49; 95 % CI, -0.64 to -0.34) and medication scores (SMD, -0.32; 95 % CI, -0.43 to -0.21) after analyzing 49 double-blinded, placebo-controlled, high quality studies. No differences were observed depending on the allergen or the age of patients (15 of these studies had been performed in children). Perhaps, the cautious recommendation given to children with HDM allergy is due to the small number of studies using this allergen.
A remarkable issue of ARIA is the consideration of AR and concomitant asthma as a unique airway disease. When treating patients (both children and adults) with AR and concomitant asthma, either SCIT or SLIT may be chosen, but there is higher quality evidence for effectiveness of the former than for the latter [1, 2••, 3].
As in GINA [20], the main limitation for using AIT in the treatment of AR is the risk of adverse side effects. However, many clinical trials and daily clinical practice rule out this supposedly high rate of serious side effects of AIT [25, 26] .
Global Allergy and Asthma European Network/European Academy of Allergy and Immunology
(GA 2 LEN/EAACI) guide for AIT This guideline offers a comprehensive set of recommendations on the use of AIT in the treatment of AR and asthma. Indications and contraindications for AIT are given [28] .
For inhalant allergies, AIT may be of benefit in patients with proven IgE sensitization with clinical relevance. Therefore, it is indicated in IgE-mediated rhinoconjunctivitis and/or allergic asthma in both children and adults [19••, 29-32] . For allergic rhinitis, AIT is appropriate whenever these patients require more than occasional use of oral or topical antihistamines, or intranasal corticosteroids for either repeated courses or continuous use. It is particularly useful in those patients who do not respond to current pharmacological treatment, or those who want to avoid chronic treatment and its undesirable side effects. As for allergic asthma, AIT is indicated in patients requiring more than modest consumption of β2-agonists, or requiring inhaled corticosteroids; this includes patients with mild-to-moderate symptoms. In both cases, it is preferable to initiate AIT as soon as possible, before chronic irreversible changes occur. In summary, AIT is indicated in patients who have demonstrable evidence of specific IgE antibodies to clinically relevant allergens and whose symptoms are not significantly reduced by medication or allergen avoidance [19••, 29, 30, 33] .
Contraindications in AIT, according to the last EAACI position statement, are divided into absolute and relative [30] . Serious immunological diseases, major cardiovascular disease, cancer, chronic infections, uncontrolled severe asthma, treatment with β-blockers, lack of compliance and severe psychological disorders are absolute contraindications. Pregnancy, severe atopic eczema, elderly and patients below 5 year of age are relative contraindications. Under a critical point of view, it can be argued how evidence based these contraindications are. Some of these recommendations are based upon a theoretical interaction between autoimmune disorders and the immunological effect of AIT, but little or no solid evidence concerning this interaction has been ever reported. Others, such as β-blockers or cardiovascular diseases, were established because such conditions might makes the treatment of an eventual systemic reaction due to AIT difficult.
Are guidelines accurately followed by physicians?
Two different studies have addressed this question [34, 35] . The first evaluation [34] is an observational multicenter study that was carried out in 518 patients recruited from 34 Allergy Departments in Italy, trying to find out if prescriptions of AIT followed recommendations of ARIA and GINA guidelines. A questionnaire shared by patients and physicians was filled in by all consecutive mite-allergic patients aged 14 and older, attending a specialist unit. AR and asthma severity were assessed using ARIA and GINA guidelinesc lassification [1, 20] , and patients were classified according to the level of severity for both entities. A significant relationship between age and prescription of AIT was seen (the probability of AIT prescription is between 4.5 and 6 times higher in teenagers). Another independent factor was the tendency to worsening of the disease, as evaluated by the doctor (odd ratio 2.5, 95 % CI, 1.4-4.5). Taken into account that patients are referred to the specialist based on the severity of the disease, a discrepancy was seen between ARIA and GINA, because GINA discards AIT in the most severe forms of the disease [20] . The most common condition for AIT prescription in this survey (56 %) was persistent AR with coexisting, intermittent asthma [34] .
Meanwhile, a cross-sectional survey performed in France showed that more than 50 % of general practitioners and ear-nose-throat (ENT) physicians who had admitted to knowing the ARIA guidelines did not provide a different treatment strategy, including AIT, compared to those who did not manage ARIA [35] .
Long-term efficacy of AIT: definition
Depending on the duration of the studies, the efficacy of AIT can be divided into short-term, sustained effect and long-term. We will refer to long-term efficacy as "the prolonged clinically relevant benefit that persists after stopping the treatment" [36] .
In 1988, Mosbech and Østerballe first demonstrated that the effect of AIT could last after termination of treatment [37] . Thirty-eight patients (aged 15-43 years) who had participated in a controlled study of grass pollen SCIT for 2 years and 4 months from 1978 to 1980 were followed up in 1986, 6 years after stopping the treatment. Symptom and medication scores were prospectively recorded during the pollen season in 1986 using the same cards they had filled in during the clinical trial. The median symptoms for the sixth season were more than 33 % of the pretreatment values in spite of a 10 % higher pollen exposure.
Durham et al. [38] have shown "long-term clinical efficacy" after providing a prolonged clinical remission of symptoms for at least 3 years following discontinuation of SCIT with a grass-pollen extract. In this study, 32 patients who had received grass pollen SCIT for 3 or 4 years were randomized to either continued maintenance SCIT with the same vaccine or placebo injections for one more year. Fifteen matched controls with no previous contact with AIT were used as controls. Authors found no differences between patients from the placebo or the active treatment group, meaning that no additional benefit is obtained after one more year of treatment. On the contrary, patients who had never received AIT had significantly higher symptom and medication scores than those with previous AIT. It seems that no recrudescence of symptoms would occur when therapy was discontinued after successful treatment.
As the long-term efficacy definition implies, to find out if there is any clinical benefit from AIT after treatment is stopped, we selected and reviewed clinical trials conducted to evaluate the persistence or not of clinical efficacy once treatment has been discontinued.
Evidence for long-term efficacy with pollen SCIT

Children
The Preventive Allergy Treatment (PAT) study is a European multi-center study designed to find out if 3 years of SCIT could prevent children from developing asthma. Two hundred and five children (6 to 14 years) suffering from seasonal AR due to birch and/or grass pollen were recruited. Before baseline monitoring, 42 of them were classified as having mild intermittent asthma with no need of daily medication. Patients were randomized either to receive SCIT with standardized allergen extracts of grass pollen and/or birch pollen or to an open control group. Finally, 79 patients with no previous asthma and 18 with mild intermittent asthma were allocated in the active group, whereas 72 and 22, respectively, went to the control group with no AIT. After 3 years of treatment, a significantly higher number of children in the control group developed asthma (odds ratio of 2.52, 95 % CI, 1.3 to 5.1; PG0.05, favoring the hypothesis that SCIT can prevent the development of asthma) [39] [40] [41] . Two years and 7 years after termination of the treatment (5-year and 10-year follow-up), the preventive effect of SCIT persisted and was even greater, reaching an odds ratio of 4.6 (95 % CI, 1.5 to 13.7) in the latter analysis of the 117 available patients without asthma before the start of the study [40, 41] .
Despite not being double-blinded or placebo-controlled, the PAT study is a model mentioned worldwide to support the long-term preventive effect of immunotherapy. Authors defended their decision not to include subcutaneous placebo treatment for ethical reasons due to the length of the study. They have used the same methodology for all follow-up revisions, but the number of patients is small.
A similar approach was made by Eng et al. using a grass-pollen allergoid and proving a similar benefit 12 years after discontinuation of SCIT in a small group of 14 children compared to a similar group of non-treated grass-allergic children [42, 43] .
Adults
As it has been stated in the definition of "long-term efficacy", studies from Mosbech and Østerballe in 1988 [37] and Durham et al. in 1999 [38] both demonstrate that clinical improvement in symptoms and need-of-rescue medication scores after grass pollen AIT persist once treatment is stopped. However, Naclerio et al. [44] , using a similar scheme of treatment, failed to show this long-lasting effect for ragweed SCIT. This study involved 20 adult patients (aged 18 to 55 years) with AR and mild asthma who had received ragweed AIT for at least 3 years. After this period of time, patients were double-blinded and randomized to either receive one more year of ragweed or placebo injections. One year after discontinuing successful ragweed AIT, authors found contrasting results. On the one hand, nasal provocation test results were similar to baseline in the placebo group. On the other hand, symptom and medication scores remained decreased in this group, suggesting a clinically prolonged effect of previous AIT. Nevertheless, the small number of patients limits the value of the results.
In 2005, Corrigan et al. [45] published the results of a multi-center, double-blinded, placebo-controlled study of a high-dose hypoallergenic grass pollen extract in adults. One hundred and fifty-four patients (aged 18-60 years) allergic to grass pollen with AR and with or without mild asthma were enrolled in the study. Patients were divided into two groups (77 active / 77 placebo) and received at least nine injections preseasonally for two consecutive years. Clinical efficacy assessed by symptoms and medication scores, visual analogue scales and quality of life questionnaires showed efficacy after the first and second years of treatment. Once finished the clinical trial, all patients (active and placebo groups) received one year of SCIT [45] . A 3-year follow-up study performed in a sub-group of 26 of those patients who had previously received three courses of treatment from two centers in Germany were compared to a group of grass allergic patients who had never received AIT before. Symptom-medication score was significantly reduced and quality of life significantly improved in the ex-SCIT group, supporting the long-term effect of SCIT in adults [46] .
Evidence for long-term efficacy with mites SCIT Children and adults
Few studies have addressed this issue. Due to ethical or methodological reasons, no double blind studies have been performed following patients after stopping the treatment with mite SCIT. In an open study performed by Des Roches et al. [47] in both child and adult asthmatic patients treated with a standardized Dermatophagoides pteronyssinus extract, it was shown that less than 3 years of treatment is associated with a relapse of asthma symptoms within the first years after discontinuation. In a retrospective survey [48] , 48 asthmatic adults allergic to HDM or to both HDM and grass pollen who had received SCIT during childhood were compared to 42 asthmatic adults who has been treated with conventional treatment. For that purpose, patients and controls were assessed by standardized questionnaire and lung function tests. Even though it is not a prospective blind study, it resembles clinical practice, and it is noteworthy that 9 years after finishing SCIT, asthma symptoms were significantly reduced in the AIT group. Along this line, Stelmach et al. [49] compared the duration of the effect after 3-year and 5-year SCIT with HDM. The study was carried out in 90 children suffering from persistent allergic asthma and requiring inhaled corticosteroids at a minimum dose between 400 and 800 μg of budesonide before initiating SCIT (in the active group) or before entering the study (control group). The study had a retrospective phase, consisting of collecting data from patients who had received HDM SCIT for 3 or 5 years (30 patients in each group) and from a control group with no AIT, but wellestablished budesonide needs for the previous 2 years. During a prospective follow-up of 3 years, symptom and medication scores were recorded, and a significant improvement was evident in both SCIT groups with no need of inhaled corticosteroids in contrast to the control group, which had maintained a similar dose. These results were in agreement with those previously published showing than HDM SCIT administered during 3 years was enough to reach a significant improvement in asthma symptoms [50] . The study was performed in both children and adults, and no detailed information on the number of children or specific results for this age group is detailed. Authors showed a small margin of benefit after 2 more years of treatment for AR symptoms.
Evidence for long-term efficacy with pollen SLIT
Children
Following the requirements of the Pediatric Committee of the EMA (PDCO) [51] for the development of new allergen products as registered tablets in the pharmaceutical market, more studies will be available to show this long-term effect. The Pediatric Investigation Plan (PIP) of the European Medicine Agency (EMA) was born to support the idea that AIT should only be given to children if a disease-modifying effect is demonstrated after 3 years of treatment, followed by 2 more years without it. In this context, a European multi-centric initiative aimed to investigate the preventive effect of marketed grass tablets (SLIT), the so-called GAP study, [52] is being carried out under a 5-year-term double-blind, placebo-controlled, designed study, and solid evidence on the preventive effect of AIT for developing asthma in children suffering AR is expected from it, but the study is still underway.
Adults
Long-term clinical efficacy in grass pollen-induced rhinoconjunctivitis has been demonstrated in at least two independent well-designed clinical trials of grass pollen tablets [53••, 54 ••] and one clinical trial using dual grass pollen and HDM SLIT drops [55] .
A randomized, multi-centre, double-blind, placebo-controlled phase III trial [53••] including 308 adults with moderate to severe grass pollen AR who had completed a 3-year course of perennial SLIT with a tablet of grass pollen (n =170) or placebo (n= 138) was extended to cover 2 years of follow-up without treatment. During follow-up, the mean average daily symptoms were reduced by 26 % in the active group (P =0.0007 compared to placebo), and a reduction of medication consumption of 29 % was evident in the active group (P= 0.0215). The level of efficacy was similar to that obtained during the third year of treatment. Similar results were obtained with a five-grass pollen sublingual tablet administered pre-seasonally and co-seasonally during 3 years in a multi-centre, randomized, double-blind, placebo-controlled study including 457 patients (294/active and 163/placebo), supporting this long-term effect [54••] . Finally, Swamy et al. [55] found significant improvements in symptom and medication scores 1 year after stopping a 1-year course of SLIT with dual HDM and grass pollen. This is a randomized, double-blind, placebo-controlled, phase I study performed in one centre in both children and adults. Patients were allocated to receive either active treatment (n= 20) or placebo (n = 10). One year after stopping dual SLIT, significant decreased symptoms and medication scores were recorded.
Evidence for long-term efficacy with mites SLIT
Children
In a prospectively designed, open, parallel-group controlled study, Di Renzo et al. [56] treated children with HDM-allergic asthma for 4 to 5 years with either HDM-SLIT plus pharmacological treatment (n=35) or pharmacological treatment alone (control group, n=25). Patients were evaluated at baseline, at the end of the treatment period and 4-5 years after discontinuation. Clinical evaluation (symptom and medication scores) at baseline and 5 and 10 years later showed a significant improvement in those patients who had received SLIT (PG0.001), but not in the control group. A similar open study was performed in children with HDM SLIT, showing a steroid-sparing effect that persists for at least 6 months [57] after discontinuation of SLIT in the active group.
The main limitation of these studies is that they are open, but double-blind studies for such a long period of follow-up are not feasible for ethical and practical reasons. However, a double-blind design for the randomization and during the treatment period with an open follow-up at the end of the treatment would be desirable.
Adults
A prospective, open, controlled, 4-parallel-group partially randomized study involving adults patients (aged 18-65 years) with AR and mild intermittent asthma due to HDM allergy was designed to evaluate the long-term effects of HDM SLIT according to the duration of the treatment [58] . Patients were placed into an active group receiving a glycerinated solution of HDM plus drugs or in a control group treated with drugs only. Assignment was made according to patientsp reference. From a previous sample of 198 patients who met inclusion criteria, 78 entered the study. Symptom and medication scores were recorded from September to February, and lung function tests were performed yearly at the end of the winter season. Patients under SLIT were randomized to receive treatment for 3, 4 or 5 years. After 15 years of observation, 19 patients dropped out because of protocol deviations. No differences were seen among patients treated for 4 or 5 years, but there was a significant improvement in those treated 4 or 5 years with respect to those who had been treated for 3 years. Up to 7 years after discontinuation of HDM SLIT, patients actively treated registered better symptom and medication scores and better lung function tests than those with drugs only. These promising results have limitations, because of the lack of an initial proper randomization and the absence of a placebo group. Moreover, the high rate of dropouts, many of them in the control group, weakens the value of the results. 
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